INTRODUCTION
============

Ginseng (the root of *Panax ginseng* Meyer) has been used as a traditional medicine for a long time in Asian countries. Over the last two decades, ginseng has also been used as a dietary supplement or a therapeutic agent in the United States and European countries. Ginseng has a wide range of pharmacological activities such as antiinflammatory, antidiabetic, and anticancer activities [@B001]-[@B004]. These effects of ginseng are attributed to its pharmacologically active components known as ginsenosides. Ginsenosides are a class of dammarane-type triterpene saponins, which can be further classified into 20(*S*)- protopanaxadiol (ginsenoside Rb1, Rb2, Rb3, Rc, and Rd) and 20(*S*)-protopanaxatriol (ginsenoside Re, Rg1, Rg2, and Rh1) groups according to their aglycone moieties [@B005]-[@B007]. Ginsenoside compound K, also referred to as 20-*O*-β-Ɗ-glucopyranosyl-20(*S*)-protopanaxadiol, is an active metabolite found in the blood stream of humans after oral administration of protopanaxadiol ginsenosides Rb1, Rb2, Rc, and Rd. Protopanaxadiol ginsenosides are metabolized to ginsenoside compound K by the intestinal microflora in humans [@B008]-[@B010] and rats [@B011]-[@B014]. Compound K possesses various pharmacological activities including chemopreventive and antiallergic activities [@B008],[@B012],[@B015]-[@B018]. Red ginseng is produced by steaming raw white ginseng. This process results in the formation of active constituents such as Rh4 and Rf2 in red ginseng, which have higher pharmacological activity than those in white ginseng [@B019],[@B020]. Compared to the extensive *in vivo* and *in vitro* pharmacological studies on compound K, pharmacokinetic studies of this compound in humans have received less attention, and studies with a focus on the parent compounds of ginseng have been performed. Understanding the pharmacokinetics of ginsenoside and its metabolites is very important in designing an optimal dosage regimen and reducing the potential of interaction between ginseng and prescription drugs in patients using both agents [@B021].

The aim of our study was to investigate the pharmacokinetics of ginsenoside Rb1 and its metabolite compound K after oral administration of extracts of Korean Red Ginseng in healthy Korean subjects.

MATERIALS AND METHODS
=====================

Subjects and study design
-------------------------

This study had an open-label, single-oral-dose design. The study was performed in accordance with the Declaration of Helsinki, and informed written consent was obtained from each subject. Study protocol was reviewed and approved by the institutional review board of Soonchunhyang University Cheonan Hospital (reference: SCHCH-2010-68). All study procedures were conducted in accordance with the principles of the Declaration of Helsinki and the Korean Good Clinical Practice guidelines. We enrolled 10 healthy male Korean volunteers in this study. Demographic characteristics of the subjects are shown in [Table 1](#T001){ref-type="table"}.

###### 

Demographic characteristics of 10 healthy male volunteers who participated in this study

  --------------------------- ----------- -----------
                              Median±SD   Range
                                          
  Age (yr)                    22±1.3      21-25
  Body weight (kg)            71.5±5.7    67-84
  Height (cm)                 178.5±4.6   173-188
  Body mass index (kg/m^2^)   22.4±1.5    20.8-25.8
  --------------------------- ----------- -----------

Because of the metabolic nature of compound K and irregular absorption of ginsenosides, we expected large inter-individual variabilities in the pharmacokinetic parameters of ginsenoside Rb1 and compound K. To reduce the inter-individual variability caused by sex on the pharmacokinetics of ginsenoside Rb1 and compound K, we only recruited male volunteers. The exclusion criteria included any significant clinical illness within 2 wk before the study, history of high blood pressure, diabetes, cardiovascular, hepatic, renal, hematological, gastrointestinal, neurologic, psychiatric disease, blood donation within 8 wk before the study, and use of any medicine, including prescription medicines and over-the-counter drugs within 2 wk before the study. In addition, subjects who previously experienced an adverse reaction to ginseng were excluded. All subjects were screened by an investigator on the basis of results of clinical laboratory tests (hematology, blood chemistry, and urinalysis), physical examination, and measurement of vital signs before initiation of the study. Any clinically important abnormalities in the clinical laboratory tests, physical examinations, or vital signs during the pre-study screening were also considered as criteria for exclusion. During the study period, all volunteers were instructed to refrain from smoking and drinking caffeine-containing beverages and instructed not to perform strenuous exercises. In addition, they were continuously observed and were served the same type of food and water. All volunteers fasted from the night before the study day to 1 PM on the study day. At 8 AM on the study day, 9 g of Korean Red Ginseng extract was orally administered to each subject with 100 mL of water. Blood samples were collected before oral administration of Korean Red Ginseng extract and 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 24, and 36 h after administration. We collected 5 mL of blood from an indwelling catheter at each sampling point and transferred the samples to heparin-coated Vacutainer tubes (Becton & Dickinson, Franklin Lakes, NJ, USA). The plasma was separated after centrifugation, and the samples were stored at -70℃ until assay.

Materials and sample preparation
--------------------------------

The Korean Red Ginseng, ginsenoside Rb1, and compound K were generously supplied by Korea Ginseng Corporation (Daejeon, Korea). Digoxin as an internal standard was purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA). HPLC-grade methanol and acetonitrile were obtained from Burdick & Jackson (Muskegon, MI, USA). Water was purified using a Milli-Q system (Millipore, Bedford, MA, USA) and used throughout the analytical procedures.

Stock solutions for ginsenoside Rb1 were prepared with methanol as the solvent and were diluted with methanol to use as working solutions. Plasma standards were prepared using drug-free human plasma. Standard samples were prepared at concentrations of 2, 5, 10, 20, 50, 100 ng/mL for ginsenoside Rb1 and compound K. Calibration curves were obtained by plotting the peak area ratios of drug/internal standard versus drug concentrations in the standard samples. To assess the intra- and inter-day precision and accuracy of the assay for both ginsenosides, we analyzed 5 replicates of the plasma standard samples at 4 concentrations. Calibration curves for both compounds were linear throughout the concentration range used in the study with correlation coefficients greater than 0.995. To determine the level of ginsenoside Rb1 administered, an aliquot of the Korean Red Ginseng extract was also prepared and analyzed using an assay method same as that used for ginsenoside Rb1.

Determination of plasma ginsenoside
-----------------------------------

Quantification of ginsenoside Rb1 and compound K was performed using a Finnigan TSQ Quantum Discovery MAX MS/MS system (Thermo Electron, San Jose, CA, USA). Chromatographic conditions were established using those reported in a previous study with some modifications [@B022]. Briefly, a Cadenza ODS column (3 μm, 2.0×100 mm; Imtakt, Kyoto, Japan) was used in the separation procedure. The mobile phase was methanol:water run under gradient conditions at a flow rate of 0.25 mL/min. The Finnigan Xcalibur program works on the Windows XP operating system was used for data processing. The injection volume was 5 μL.

Pharmacokinetic and statistical analysis
----------------------------------------

The plasma concentration-time data for ginsenoside Rb1 and compound K were analyzed using a non-compartmental method with the Phoenix WinNonlin software ver. 6.1 (Pharsight Corporation, Mountain View, CA, USA). The area under the plasma concentration-time curves, which were extrapolated to infinity (AUC~inf~), and the area under the plasma concentration-time curve between 0 and 36 h (AUC~t~) were calculated using the trapezoidal rule. Further, we examined the pharmacokinetic parameters such as the terminal half-life (t~1/2~), maximum concentration (C~max~), and the time to reach C~max~ (T~max~). The values of the pharmacokinetic parameters are presented as the mean±SD. To determine the correlation between pharmacokinetic parameters of ginsenoside Rb1 and compound K, correlation analysis was performed by calculating the Spearman's rank correlation coefficient. Statistical analyses were performed using IBM-SPSS Statistics ver. 20.0 (IBM Corporation, Armonk, NY, USA). A *p*-value less than 0.05 was considered to be statistically significant.

Tolerability assessment
-----------------------

Throughout the study period, adverse events were recorded on the basis of spontaneous reports from volunteers, clinical examination, and questionnaires distributed by the investigator. At the end of study period, the investigator assessed all the adverse events reported in terms of intensity, duration, and relationship to the administered study drug.

RESULTS AND DISCUSSION
======================

Pharmacokinetics of ginsenoside Rb1 and compound K
--------------------------------------------------

An LC-MS/MS method for quantification of ginsenoside Rb1 and compound K was developed for pharmacokinetic study. Representative chromatograms of ginsenoside Rb1, compound K, and internal standard are shown in [Fig. 1](#F001){ref-type="fig"}.

![Representative analytical chromatogram of ginsenoside Rb1 (A), compound K (B), and the internal standard (C).](grosbr-37-451-g001){#F001}

The amount of ginsenoside Rb1 administered to each subject was determined to be 45.81 mg/9 g of the Korean Red Ginseng extract. The plasma concentration-time curves of ginsenoside Rb1 and compound K are shown in [Fig. 2](#F002){ref-type="fig"}.

![Mean plasma concentration-time curve of ginsenoside Rb1 and compound K after oral administration of Korean Red Ginseng extract in 10 healthy male Korean subjects. ● Plasma ginsenoside Rb1 (Rb1) concentration, ▲ plasma compound K (C-K) concentration.](grosbr-37-451-g002){#F002}

The C~max~ of plasma ginsenoside Rb1 and compound K were 3.94±1.97 and 8.35±3.19 ng/mL, respectively ([Table 2](#T002){ref-type="table"}). Compound K was detected in the plasma of all subjects. Compound K could be detected in the plasma between 4 and 9 h after oral administration of drug. The T~max~ of compound K was 12.20±1.81 h.

###### 

Pharmacokinetic parameters of ginsenoside Rb1 and compound K after single oral administration of Korean Red Ginseng extract

  -------------------- ----------------- ------------
  Parameters           Ginsenoside Rb1   Compound K
                                         
  AUC~t~ (ng/mL·h)     102.3±51.0        110.7±51.2
  AUC~inf~ (ng/mL·h)   307.7±145.6       123.9±57.5
  C~max~ (ng/mL)       3.94±1.97         8.35±3.19
  T~max~ (h)           8.70±2.63         12.20±1.81
  t~1/2~ (h)           58.47±14.28       7.82±1.69
  -------------------- ----------------- ------------

Values are presented as mean±SD.

AUC~t~, area under the plasma concentration-time curve between 0 and 36 h; AUC~inf~, area under the plasma concentration-time curve extrapolated to infinity; C~max~, maximum plasma concentration; T~max~, time to reach C~max~; t~1/2~, elimination half-life.

Shibata [@B023] reported that compound K was detected 8 h after the oral administration of ginseng powder in healthy men with some individual variation. Recently, the pharmacokinetics of compound K was compared in healthy male subjects after oral administration of fermented and non-fermented ginseng [@B024]. They reported that the T~max~ of compound K in the group that received non-fermented ginseng was 12.04±4.96 h. These results are consistent with our results despite the difference in dose administered. The pharmacokinetics of compound K has been reported in another recent study, in which fermented ginseng, which consists of compound K, was administered [@B025]. Thus, the absorption characteristics of this compound could not be directly compared to our results. However, the half-life of compound K, 9.9±5.5 h, was very similar to that reported in our study. The t~1/2~ of compound K was more than 7 times shorter than that of ginsenoside Rb1. Although the plasma concentration of compound K was very low at 36 h after taking the extract, the compound could be detected in 8 subjects (0.90±0.74 ng/mL).

Correlation between pharmacokinetic parameters of ginsenoside Rb1 and compound K
--------------------------------------------------------------------------------

Many studies showed that ginsenoside Rb1 is transformed into compound K by intestinal microflora after oral administration in humans [@B001],[@B002],[@B009],[@B010]. Lee et al. [@B026] investigated the relationship between compound K transforming activities of human intestinal microflora and pharmacokinetic parameters of compound K. Their result showed large inter-individual variation in compound K transforming activities and no correlation between compound K transforming activity and pharmacokinetic parameters such as C~max~ and AUC.

In the present study, correlation analyses were performed to investigate whether a correlation existed between the pharmacokinetic parameters the of parent compound, ginsenoside Rb1, and its metabolite, compound K. There was no correlation between all pharmacokinetic parameters, except T~max~, of ginsenoside Rb1 and compound K ([Fig. 3](#F003){ref-type="fig"}). Despite the large inter-individual variability during the time course of Korean ginseng extract administration, the T~max~ of ginsenoside Rb1 was significantly correlated to that of compound K (*r*=0.697, *p*\<0.05).

![Correlation between the time to reach maximum concentration (T~max~) of plasma ginsenoside Rb1 (Rb1) and compound K (C-K) after oral administration of Korean Red Ginseng extracts in 10 healthy male Korean subjects.](grosbr-37-451-g003){#F003}

These results suggest that the amount of compound K absorbed is independent of the amount of ginsenoside Rb1 absorbed, and only the T~max~ of ginsenoside Rb1 can influence that of compound K.

Tolerability
------------

In the present study, no serious adverse event was reported, and the Korean Red Ginseng extract was well-tolerated at doses up to 9 g in the 10 healthy Korean volunteers.

In this clinical trial, the investigator initially studied the pharmacokinetics of ginsenoside Rb1 and compound K and compared each pharmacokinetic parameter of these agents in the same group of subjects. In summary, the pharmacokinetic characteristics, especially absorption and elimination, showed significant difference between ginsenoside Rb1 and compound K, and no correlation was observed between the pharmacokinetic parameters of the parent compound and the metabolite, except in T~max~. The T~max~ of compound K was longer than that of its parent compounds, which suggested that intestinal microflora may play an important role in the transformation of ginsenoside Rb1 to compound K and in the pharmacokinetics of compound K.
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